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INTRODUCTION
Preterm premature rupture of membranes (PPROM) is a
leading cause of perinatal morbidity and mortality (1). More-
over, microbial invasion of the amniotic cavity is present in
about 30% of patients with PPROM (2-5), and is a risk fac-
tor of impending spontaneous delivery and of an adverse pe-
rinatal outcome (4-6). Antenatal diagnosis of microbial inva-
sion of the amniotic cavity requires amniocentesis and amni-
otic fluid analysis, but amniocentesis is an invasive method
and may not be available in all clinics. Moreover, amniocen-
tesis may not be feasible when the volume of amniotic fluid
is reduced in PPROM patients, and culture results may not
be available for several days, and thus not available for imme-
diate management decisions. Therefore, alternative, non-inva-
sive approaches are required to identify pregnancies at risk
of microbial invasion of the amniotic cavity (7, 8)
Transvaginal ultrasound of the cervix is a well recognized,
noninvasive, objective tool for the evaluation of cervical sta-
tus. Moreover, cervical length as determined by transvaginal
ultrasound has emerged as a powerful means of predicting
spontaneous preterm delivery in both women with preterm
labor and intact membranes, and in women with PPROM
(9-13). Recently, it was suggested that a short cervix in women
with preterm labor and intact membranes is a risk factor for
microbial invasion of the amniotic cavity (14, 15). Therefore,
we considered that if this is the case in women with preterm
labor and intact membranes, it is possible that women with
PPROM and a shorter cervix may also be at greater risk of
microbial invasion of amniotic cavity. Thus, the purposes of
this study were to determine whether sonographically deter-
mined cervical length is of value in terms of identifying mic-
robial invasion of the amniotic cavity in women with PP-
ROM, and to compare its merits versus maternal blood C-
reactive protein (CRP), white blood cell (WBC) count, and
amniotic fluid (AF) WBC.
MATERIALS AND METHODS
Study design
The study population consisted of consecutive patients who
were admitted to Seoul National University Bundang Hos-
pital with the diagnosis of PPROM (<36 weeks of gestation)
and singleton gestation who underwent cervical measurement
by ultrasound and amniocentesis for assessment of microbi-
ologic status of the amniotic cavity and fetal lung maturity
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Cervical Length and the Risk of Microbial Invasion of the Amniotic
Cavity in Women with Preterm Premature Rupture of Membranes
The aims of this study were to determine whether sonographically measured cer-
vical length is of value in the identification of microbial invasion of the amniotic cav-
ity in women with preterm premature rupture of membranes (PPROM) and to com-
pare its performance with maternal blood C-reactive protein (CRP), white blood cell
count (WBC), and amniotic fluid (AF) WBC. This prospective observational study
enrolled 50 singleton pregnancies with PPROM. Transvaginal ultrasound for mea-
surement of cervical length was performed and maternal blood was collected for
the determination of CRP and WBC at the time of amniocentesis. AF obtained by
amniocentesis was cultured and WBC determined. The prevalence of a positive
amniotic fluid culture was 26% (13/50). Patients with positive amniotic fluid cultures
had a significantly shorter median cervical length and higher median CRP, WBC,
and AF WBC than did those with negative cultures. Multiple logistic regression in-
dicated that only cervical length had a significant relationship with the log odds of a
positive AF culture. Transvaginal sonographic measurement of cervical length is
valuable in the identification of microbial invasion of amniotic cavity in women with
PPROM. Cervical length performs better than AF WBC, maternal blood CRP, and
WBC in the identification of a positive amniotic fluid culture.
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between May 2003 and May 2006. At our institution, cer-
vical length measurement and amniocentesis for retrieval of
amniotic fluid are offered routinely to all patients who are
admitted with the diagnosis of PPROM. We usually per-
formed amniocentesis before the initiation of antibiotic treat-
ments. Rupture of membranes was diagnosed by examina-
tion with a sterile speculum and a combination of vaginal
pooling of AF and nitrazine and ferning tests. The presence
of microbial invasion of the amniotic cavity was defined as a
positive amniotic fluid culture. Written informed consent
was obtained from all subjects to donate AF for research pur-
poses. The institutional review board of Seoul National Uni-
versity Bundang Hospital approved the collection and uti-
lization of the biological materials and clinical data for research
purposes.
Amniotic fluid
Amniotic fluid was retrieved by transabdominal amnio-
centesis and cultured for aerobic and anaerobic bacteria and
for Mycoplasmas (Ureaplasma urealyticum and Mycoplasma
hominis) according to the methods previously described (16).
An amniotic fluid WBC count was determined with a hemo-
cytometer chamber. 
Maternal blood
Maternal blood was drawn for the determination of WBC
and C-reactive protein concentration at amniocentesis. Mater-
nal blood WBC was determined using a flow cytometry (AD-
VIA 120, Bayer, Long Island, NY, U.S.A.). C-reactive pro-
tein quantitation was performed by particle enhanced tur-
bidimetric immunoassay using Dimension RxL Autoanalyzer
(DADE Behring, Deerfield, IL, U.S.A.). The detection linear-
ity ranged from 0.05-25 mg/dL. 
Transvaginal ultrasound examination of the cervix 
At amniocentesis, transvaginal ultrasonographic assessment
of cervical length were performed using an Envisor (Philips
Medical System, Eindhorven, Netherlands) ultrasound ma-
chine with a 6.0 MHz transducer. The women were asked
to empty their bladder and were placed in the dorsal litho-
tomy position. The probe was gently placed at the anterior
fornix of the vagina to obtain a sagittal view of the complete
cervix, including the internal os, external os, and endocervi-
cal canal. The probe was slowly withdrawn until the image
blurred and then the insertion pressure was increased only
enough to restore a clear cervical image. This cervical image
was magnified to at least 75% of the screen, and the elec-
tronic markers were placed at the furthest points between
the internal os and external os, then the cervical length was
measured as a straight line. The shortest of three measure-
ments obtained was taken as the cervical length.
Statistical analysis
Univariate analysis was conducted using Mann-Whitney
U test or Fisher’s exact test as appropriate. A receiver oper-
ating characteristic (ROC) curve was used to describe the
relationship between the sensitivity (true-positive rate) and
the false-positive rate for different values of cervical length
in the identification of microbial invasion of the amniotic
cavity. Multiple logistic regression analysis was used to exam-
ine the relationship between cervical length and microbial
invasion of the amniotic cavity, controlling for the effect of
potential compounding variables. 
RESULTS
Fifty patients met the entry criteria in this study. The mean
gestational age at amniocentesis was 31.4 weeks (±3.2),
while mean gestational age at delivery was 33.7 weeks (±
3.1). The median amniocentesis-to-delivery interval was 101
hr (range 1-2,477 hr), and the mean time interval from rup-
ture of membranes to amniocentesis was 23.4 hr (±34.7).
The prevalence of positive amniotic fluid culture was 26%
(13/50). Microorganisms isolated from the amniotic fluid
were Ureaplasma urealyticum (n=10), Streptococcus agalactiae
(n=1), G(-) rod (n=1), G(+) cocci (n=1).
Table 1 describes the clinical characteristics and outcomes
of the study population according to the results of amniotic
fluid culture. There were no significant differences in the
mean maternal age, median gestational age at amniocente-
sis, and median time interval from membrane rupture to
amniocentesis between the two groups. However, the patients
AF culture (-)
N=37
AF culture (+)
N=13
p
value
Maternal age (yr, mean±SD) 31.0±3.4 30.6±4.4 NS
Gestational age at amniocentesis 32.3 31.4 NS
(weeks, median and range) (21.3-35.4) (27.2-35.0)
Gestational age at delivery 34.2 32.2 <0.001
(weeks, median and range) (25.3-41.3) (28.0-35.1)
Cervical length (cm, median  3.3 2.3 0.037
and range) (0.83-7.89) (0.0-4.24)
Maternal CRP (mg/dL,  0.35 0.65 0.004
median and range) (0.01-7.25) (0.15-6.29)
Maternal WBC (cells/ L, 8,820 12,710 0.025
median and range) (6,140-21,560) (4,740-23,150)
AF WBC (cells/ L, 5.0 172 <0.001
median and range) (0-60) (1-11,000)
Interval from membrane  10 11 NS
rupture to amniocentesis  (2-165) (5-39)
(hr, median and range)
Table 1. Clinical characteristics and outcomes of study popula-
tion according to the amniotic fluid culture results
AF, amniotic fluid; NS, not significant; SD, standard deviation; CRP, C-
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with positive amniotic fluid cultures had significantly lower
median gestational age at delivery, shorter median cervical
length, and higher median maternal blood CRP concentra-
tion, WBC, and AF WBC than did those with negative AF
cultures (Table 1).
Fig. 1 displays the ROC curve describing the values of cer-
vical length in the identification of a positive amniotic fluid
culture. The curve constructed for sonographically measured
cervical length was above the 45° line, indicating that there
was a significant relationship between this variable and the
presence of a positive amniotic fluid culture (area under the
curve 0.696; SE 0.078; p=0.013). The best cut-off value in
the identification of a positive amniotic fluid culture was 28
mm with a sensitivity of 85% and a specificity of 65%. 
To determine the relative value of cervical length in the
identification of microbial invasion of the amniotic cavity, we
conducted multiple logistic regression analysis with variables
that could be considered risk factors for microbial invasion
of the amniotic cavity: cervical length, AF WBC, maternal
WBC, and maternal CRP. Of all these independent variables,
only the cervical length retained statistical significance in the
identification of microbial invasion of the amniotic cavity
after other confounding variables were adjusted (Table 2).
DISCUSSION
The present study demonstrates that cervical length is a
sensitive maker of intra-amniotic microbial invasion in PP-
ROM patients. Moreover, logistic regression analysis, after
correcting for potential confounders, showed that cervical
length is an independent predictor of intra-amniotic micro-
bial invasion in these patients (odds ratio 0.09, p=0.045).
A considerable body of evidence supports that microbial
invasion of the amniotic cavity elicits maternal and fetal in-
flammatory responses (17-19). Consequently, women with
microbial invasion of the amniotic cavity have a shorter amnio-
centesis-to-delivery interval and higher frequencies of clini-
cal chorioamnionitis and neonatal complications than those
with sterile amniotic fluid (3, 4). Moreover, in addition to
the established association between fetal exposure to infec-
tion and short-term morbidity (20), such exposures have also
been associated with long-term sequelae, such as, cerebral
palsy (21, 22) and chronic lung disease (23, 24). Thus, early
and accurate detection of microbial invasion of the amniotic
cavity remains an important challenge in clinical obstetrics.
The gold standard for the diagnosis of microbial invasion of
the amniotic cavity remains microbiological culture of amni-
otic fluid obtained by amniocentesis, but regrettably, culture
results may take several days. Accordingly, other more rapid
tests have been proposed for the detection of microbial inva-
sion of the amniotic cavity (4, 25-27), but all require amnio-
centesis and present the risks associated with its invasive na-
ture. On the other hand, maternal blood sampling and anal-
ysis can be performed safely in any laboratory, and it has been
reported that women with positive AF cultures have statis-
tically significant higher median maternal plasma C-reactive
protein concentrations, WBC, and AF WBC than women
with negative AF cultures (3). However, the poor diagnostic
performance of maternal plasma C-reactive protein concen-
tration and WBC limit the usefulness of these blood tests
for the detection of microbial invasion of the amniotic cavi-
ty (3). Although an elevated AF WBC (>20 cells/ L) has
been reported to have a sensitivity of 84% for the detection
of microbial invasion of the amniotic cavity, this test also
requires amniocentesis (3).
In terms of the general management of PPROM patients,
cervical dilatation and effacement are estimated visually using
a sterile speculum, because a digital examination introduces
the risk of infection (28). However, ultrasound can be used
to safely assess cervical status in PPROM patients (12, 29),
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Fig. 1. Receiver operating characteristic curve analysis showed
that the curve constructed for cervical length was above the 45-
degree angle, indicating a significant relationship with the pres-
ence of a positive amniotic fluid culture. Number next to solid dot
represents cervical length (mm) (area under curve 0.696, SE
0.078, p=0.013).
Odd ratio
95% confi-
dence interval 
p
value
Cervical length (cm) 0.09 0.01-0.95 0.045
Maternal CRP (mg/dL) 0.51 0.15-1.72 NS
Maternal WBC (cells/ L) 1.82 0.79-4.18 NS
AF WBC (cells/ L) 1.14 0.99-1.31 0.071
Table 2. Relationship of various independent variables with posi-
tive amniotic fluid cultures analyzed by overall logistic regression
NS, not significant; CRP, C-reactive protein; WBC, white blood cell count;
AF, amniotic fluid.716 J.-S. Hong, K.H. Park, J.-H. Noh, et al.
and cervical length as determined by transvaginal ultrasonog-
raphy in PPROM patients might predict the interval between
admission and delivery (12, 13, 29). Moreover, recently, it
has been reported that cervical length measurement usefully
predicts microbial invasion of the amniotic cavity in women
with preterm labor and intact membranes (14, 15). 
In the present study, it was found that cervical length is a
sensitive marker (sensitivity 85%; specificity 65%) of the
presence of intra-amniotic microbial invasion in PPROM
patients. Moreover, perhaps the most important finding of
the present study is that cervical length (≤28 mm) was found
to be a better independent predictor of microbial invasion of
the amniotic cavity than amniotic fluid WBC or maternal
WBC or CRP. Our findings encourage us to postulate that
local inflammatory response induced by intrauterine infec-
tion first elicits cervical change and subsequently the recruit-
ment of WBCs to amniotic fluid. This finding has important
clinical implications because a cervical length determination
may allow clinicians to identify the patients with PPROM
most likely to benefit from antibiotics before delivery with-
out the having to perform amniocentesis.
Gomez et al. proposed two reasons why microbial invasion
of the amniotic cavity is more common in patients with a
short cervix and intact membranes (15). The first is that a
short cervix simply represents recruitment of the cervical
components of the common terminal pathway of parturition
because patients could have microbial invasion of the amni-
otic cavity as a cause of preterm labor, and the second possi-
bility is that a short cervix may more predispose the individ-
ual to an ascending intrauterine infection. However, in cases
of PPROM, membrane rupture per se is a risk factor of an
ascending intrauterine infection, and therefore, a short cervix
can be regarded as a ripened cervix.
Several investigators have consistently shown a relation
between cervical length and the risk of perinatal infection.
Iams et al. found that a short cervix during pregnancy is an
independent risk factor of the subsequent developments of
clinical chorioamnionitis and neonatal sepsis (30). Hassan et
al. concluded that a short cervix is a clinical manifestation
of intra-amniotic infection (14), and Gomez et al. reported
that a short cervix in women with preterm labor and intact
membranes is a risk factor for microbial invasion of the amni-
otic cavity (15). Moreover, it has been reported that a short
cervix in women with PPROM is a risk factor of imminent
delivery (12, 13). 
In conclusion, the present study shows that transvaginal
sonographic measurements of cervical length provide a valu-
able means for identifying microbial invasion of the amni-
otic cavity in women with PPROM. Moreover, cervical length
was found to be a better predictor for microbial invasion than
the AF WBC or maternal blood CRP and WBC determi-
nations.
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